The 16S rRNA gene sequence similarity to the sequences of the type strains of other species of the genus Bacillus was 98.5 % or less. Chemotaxonomic features supported the grouping of the strain in the genus Bacillus; for example, the major fatty acids were anteiso-C 15 : 0 , iso-C 15 : 0 and C 16 : 0 , the polar lipid profile contained the major components diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unidentified glycolipid, the major quinone was menaquinone MK-7 and the major compound in the polyamine pattern was spermidine. Additionally, DNA-DNA hybridization with B. drentensis LMG 21831
T , B. vireti LMG 21834 T and B. soli LMG 21838 T resulted in relatedness values that were clearly below 70 %. Physiological and biochemical test results were also different from those of the most closely related species. As a consequence, AP-6 T represents a novel species of the genus Bacillus, for which the name Bacillus cucumis sp. nov. is proposed, with AP-6 T (5CIP 110974 T 5CCM 8651 T ) as the type strain.
The number of species within the genus Bacillus is constantly increasing and at the time of writing more than 200 species (http://www.bacterio.net/index.html) with validated names have been characterized and described. They have been isolated from various habitats, including many terrestrial and aquatic habitats (Ivanova et al., 1999; Siefert et al., 2000) , marine sediments (Miranda et al., 2008) , high-and low-temperature environments (Caccamo et al., 2000; Logan et al., 2000) and the inner tissue of different plants, such as wheat (Liu et al., 2009) , maize (Rijavec et al., 2007 ) and, very recently, cotton (Kämpfer et al., 2015 . Here we propose a novel species represented by a strain isolated from cucumber.
Strain AP-6 T was isolated from soil closely adhering to the roots of field-grown cucumber.
The strain was initially isolated on nutrient agar (NA; Sigma-Aldrich) at 30 8C and also further maintained and subcultivated on this agar at 30 8C for 48 h. Analyses of the 16S rRNA gene sequence, the fatty acid methyl ester composition of whole-cell hydrolysates, and further biochemical and physiological features were conducted to characterize the strain. In addition, DNA-DNA hybridization was performed with the type strains of those species most closely related on the basis of 16S rRNA gene sequence similarities, among them Bacillus drentensis LMG 21831 T , Bacillus vireti LMG 21834 T and Bacillus soli LMG 21838 T .
All cultural and morphological characteristics were recorded from cultures grown on tryptone soy agar (TSA; Oxoid). Gram staining was performed according to Gerhardt et al. (1994) and the motility test was performed under a light microscope with cells grown for 3 days in tryptone soy broth (TSB; Oxoid) at 30 8C. Temperaturedependent growth was tested at 4, 10, 15, 20, 30, 36, 40 and 45 8C on TSA. NaCl tolerance was evaluated at different concentrations of NaCl (0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0%, w/v) T grew very slowly at 20 8C and 45 8C and was able to grow at NaCl concentrations of 0.5-4.0 % (w/v).
Oxidase activity was positive using oxidase reagent (bioMérieux) according to the manufacturer's instructions. Cell morphology, motility and spore localization were investigated by light microscopy at 10006 magnification (Axiphot 2; Zeiss). Spores were stained with 0.5 % (w/v) malachite green (Schaeffer & Fulton, 1933) . Cells of the strain were non-motile rods (approximately 1 mm wide and 3.5 mm long). Subterminal spores were observed. The strain grew well on NA, brain heart infusion agar, R2A agar and TSA.
The strain was physiologically and biochemically characterized using the 96-well plate test system (Kämpfer et al., 1991) and some additional biochemical tests: production of hydrogen sulphide using the lead acetate paper and triple-sugar-iron methods, indole reaction with Ehrlich's and Kovacs' reagents, activity of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, DNase (Oxoid CM321; supplemented with 0.01 % toluidine blue), b-galactosidase (ONPG) and urease on Christensen's urea agar (Kämpfer, 1990) , and hydrolysis of casein, gelatin (plate method), starch and tyrosine (Smibert & Krieg, 1994) . The biochemical and physiological data are given in Table 1 and in the species description. Table 1 . Differential characteristics of strain AP-6
T from phylogenetically related species Gram stain 
The cellular fatty acid profiles were analysed as described previously (Kämpfer & Kroppenstedt, 1996) using a HP 6890 gas chromatograph with Sherlock MIDI software version 2.11 and TSBA peak-naming table version 4.1. Prior to fatty acid extraction, the strains were cultured on TSA at 28 8C for 48 h. The results revealed a Bacillus-typical profile for AP-6 T with the following most abundant fatty acids: anteiso-C 15 : 0 , iso-C 15 : 0 and C 16 : 0 . Only minor differences could be identified in comparison with those of the type strains of the most closely related species of the genus Bacillus (Table 2) .
Quinones and polar lipids were extracted from biomass that was grown on PYE (0.3 % peptone from casein, 0.3 % yeast extract; pH 7.2) at 28 8C and harvested at the stationary growth phase. Analyses of quinones and polar lipids were carried out according to Tindall (1990a, b) and Altenburger et al. (1996) . The HPLC specifications were as described by Stolz et al. (2007) . The quinone system was exclusively composed of menaquinone MK-7. In the polar lipid profile (Fig. 1 ) diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unidentified glycolipid were predominant. In addition, minor amounts of two unidentified lipids were found, which were only detectable after total lipid staining. The presence of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine is in good agreement with the polar lipid profile reported for Bacillus subtilis, the type species of the genus Bacillus (Kämpfer et al., 2006) . However, the unidentified glycolipid showed a clearly different chromatographic motility from b-gentiobiosyldiacylglycerol, shown to be present in B. subtilis (Kämpfer et al., 2006) . The presence of this unidentified glycolipid might reflect the phylogenetic distance from B. subtilis (Fig. S1 , available in the online Supplementary Material). Polyamines were extracted from cells grown on PYE and harvested at the late exponential growth phase, as recommended by Busse & Auling (1988) . Extraction and analysis of polyamines were carried out according to Altenburger et al. (1997) , using an HPLC apparatus described by Stolz et al. (2007) ] were detected. This polyamine pattern is similar to those of B. subtilis, Bacillus cereus and Bacillus megaterium (Hamana et al., 1989) .
The nearly full-length 16S rRNA gene of strain AP-6 T was PCR-amplified and subsequently sequenced for phylogenetic analysis with the primer pair 8F and 1492R (Lane, 1991) . Sequence correction was performed manually by removing unclear 59 and 39 ends of the sequences and control of the electropherograms. The final sequence for analysis had a size of 1474 nt (gene termini 8-1474, according to the rrnB gene of Escherichia coli; Brosius et al., 1978) . Pairwise sequence similarities to closest related type strains were obtained using the EzTaxon type strain database (Kim et al., 2012) , which revealed similarities higher than 98.5 % to the type strains of B. drentensis (99.1 %), B. vireti (98.7 %) and B. soli (98.5 %). The sequence was aligned with the SILVA Incremental Aligner (SINA; version 1.2.11; Pruesse et al., 2012) and added to the 'All-Species Living Tree' Project (Yarza et al., 2008) database release LTPs121 (May 2015) using ARB release 5.2 (Ludwig et al., 2004) . The maximum-likelihood method, using RAxML version 7.04 (Stamatakis, 2006) with GTR-GAMMA as evolutionary model and rapid . All data are from this study. Data in parentheses are from Heyrman et al. (2004) ; these data are mean percentages of total fatty acids ¡ SD. Only fatty acids accounting to at least 1.0 % of the total fatty acid content are listed; 2 not present. Summed feature 4 comprises iso-C 17 : 1 I and/or anteiso-C 17 : 1 B. bootstrap analysis, and the maximum-parsimony method, using DNAPARS version 3.6 (Felsenstein, 2005) , were used to reconstruct phylogenetic trees including the type strains of all recognized Bacillus species. The sequence analysis was based on 16S rRNA gene sequences spanning gene termini 101-1424 (Brosius et al., 1978) and a bootstrap analysis (Felsenstein, 1985) with 100 resamplings. Pairwise 16S rRNA gene sequence similarities between strain AP-6 T and the the type strains of Bacillus species were calculated using the ARB neighbour-joining tool without using an evolutionary model. Strain AP-6 T formed a cluster with 11 type strains of species of the genus Bacillus, independently of the applied tree reconstruction method. The clustering among the type strains was not supported by high bootstrap values and varied strongly among the tree reconstruction methods. The phylogenetic tree including all species of the genus Bacillus is shown in Fig. S1 , and the tree reduced to the cluster of closest related species is shown in Fig. 2 . Strain AP-6 T shared 97.2-99.1 % 16S rRNA gene sequence similarity with the type strains of the cluster and less than 97 % 16S rRNA gene sequence similarity to the type strains of all other Bacillus species.
For further genotypic analysis, high molecular mass genomic DNA was extracted, as described by Pitcher et al. (1989) and DNA-DNA hybridization experiments were performed with strain AP-6 T and the type strains of the five most closely related species of the genus Bacillus, according to the method of Ziemke et al. (1998) (except that, for nick translation, 2 mg of DNA was labelled during 3 h of incubation at 15 8C). Strain AP-6 T showed moderate to low levels of DNA-DNA relatedness to B. drentensis LMG 21831 T (41 %, reciprocal 36 %), B. vireti LMG 21834 T (45 %, reciprocal 51 %) and B. soli LMG 21838
T (29 %, reciprocal 30 %).
Based on the results of this polyphasic study, it is clear that strain AP-6 T represents a novel species, for which the name Bacillus cucumis sp. nov. is proposed.
Description of Bacillus cucumis sp. nov.
Bacillus cucumis (cu.cu9mis. L. gen. n. cucumis of the cucumber, referring to the isolation source of the type strain, rhizosphere soil sticking to the roots of fieldgrown Cucumis sativus).
Cells are Gram-stain-positive, non-motile, endospore-forming rods, approximately 1 mm in width and 3 mm in length. Facultatively anaerobic, oxidase-positive, catalase-positive. Good growth occurs after 48 h on NA, brain heart infusion agar, TSA and R2A agar (all Oxoid) at 20-30 uC.
Unable to grow at j15 uC or above 45 uC. Total lipids were visualized after two-dimensional TLC, applying molybdatophosphoric acid. GL1, unidentified glycolipid; DPG, diphosphatidylglycerol; L1, L2, unidentified polar lipids only visible after total lipid staining; PE, phosphatidylethanolamine; PG, phosphatidylglycerol.
major components in the polar lipid profile. In addition, minor amounts of two unidentified lipids not containing a sugar moiety, an amino residue or a phosphate residue are present.
The type strain, AP-6 T (5CIP 110974 T 5CCM 8651 T ), was isolated from closely adhering rhizosphere soil of field-grown cultivar 'Straight 8' cucumber roots (Cucumis sativus) at the E.V. Smith Research Center in Elmore County, Alabama, USA.
